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$EVWUDFW²2IIJULG V\VWHPV DUH D SDWKZD\ WR HOHFWULILFDWLRQ IRU
PLOOLRQV RI SHRSOH ORFDWHG IDU IURP WKH H[LVWLQJ JULG +RZHYHU
WKH SUHPDWXUH IDLOXUH DQG XQGHUXWLOL]DWLRQ RI WKHVH V\VWHPV DUH
GLIILFXOW WR SUHYHQW $GYDQFHV LQ GDWD DFTXLVLWLRQ KDUGZDUH WKH
H[SDQVLRQ RI FHOOXODU FRPPXQLFDWLRQ QHWZRUNV DQG FORXGEDVHG
VROXWLRQV KDYH PDGH GDWD FROOHFWLRQ PRQLWRULQJ DUFKLYDO DQG
HYHQ UHPRWH LQWHUDFWLRQ ZLWK RIIJULG V\VWHPV D SRVVLELOLW\ 7KH
FRLQVWDOODWLRQ RI GDWD DFTXLVLWLRQ KDUGZDUH ZLWK RIIJULG V\VWHPV
LV QRW D ZLGHVSUHDG SUDFWLFH DQG XVH FDVHV RI WKH GDWD KDYH QRW
EHHQ SRSXODUL]HG 7KLV SDSHU GLVFXVVHV WKH WHFKQRORJ\
DSSOLFDWLRQV DQG FRQVLGHUDWLRQV UHODWHG WR RIIJULG GDWD
DFTXLVLWLRQ DQG PRQLWRULQJ 'DWD IURP VHYHUDO RIIJULG V\VWHPV LQ
6XE6DKDUDQ $IULFD DUH XVHG WR LOOXVWUDWH WKH DSSOLFDWLRQV
.H\ZRUGV²'DWD DFTXLVLWLRQ HQHUJ\ NLRVN HQHUJ\ SRYHUW\
PLFURJULGV UXUDO HOHFWULILFDWLRQ
, ,1752'8&7,21
7KH ,QWHUQDWLRQDO (QHUJ\ $JHQF\ H[SHFWV RQHKDOI RI QHZ
HOHFWULFDO FRQQHFWLRQV LQ OHVV HFRQRPLFDOO\ GHYHORSHG FRXQWULHV
/('&V WR EH SURYLGHG E\ PLQL RU PLFURJULGV >@ 7KH ORQJ
WHUP YLDELOLW\ RI WKHVH V\VWHPV WR SURYLGH OLIHFKDQJLQJ
HOHFWULFLW\ LV WHQXRXV DQG GHSHQGHQW RQ PDQ\ IDFWRUV >@
0LFURJULGV DQG PLQLJULGV LQ /('&V²KHUHDIWHU FROOHFWLYHO\
UHIHUUHG WR DV ³PLFURJULGV´²IDFH QXPHURXV WHFKQLFDO
FKDOOHQJHV 0LFURJULGV DUH RIWHQ LQVWDOOHG LQ UHPRWH ORFDWLRQV
$V D FRQVHTXHQFH URXWLQH PDLQWHQDQFH DQG UHSDLU WULSV FDQ EH
FRVWO\ DQG LQFRQYHQLHQW DQG PD\ EH SXWRII RU SRVWSRQHG WR
WKH GHWULPHQW RI WKH V\VWHP 5HOLDQFH RI VRPH PLFURJULGV RQ
VWRFKDVWLF VRXUFHV VXFK DV SKRWRYROWDLF SDQHOV DQG ZLQG
WXUELQHV QHFHVVLWDWH WKH XVH RI EDWWHULHV DQG DOVR FRPSOLFDWH WKH
HQHUJ\ PDQDJHPHQW RI WKH V\VWHP ,PSURSHU FRQWUROOHU VHW
SRLQWV RU PLVVRSHUDWLRQ RI WKH V\VWHP FDQ DFFHOHUDWH IDLOXUH
PRGHV 7KH GHPDQG LWVHOI LV DOVR GLIILFXOW WR HVWLPDWH D SULRUL
DQG VR WKH PLFURJULG PLJKW QRW EH DSSURSULDWHO\ GHVLJQHG WR
EHJLQ ZLWK >@>@ OHDGLQJ WR ORZ UHOLDELOLW\ RU FRQYHUVHO\
ZDVWHG H[FHVV FDSDFLW\
7KH WHFKQLFDO FKDOOHQJHV FDQ EH PLWLJDWHG WR VRPH H[WHQW E\
LQVWDOOLQJ UHDOWLPH GDWD DFTXLVLWLRQ EURDGFDVW PRQLWRULQJ DQG
DFWXDWLRQ V\VWHPV KHUHDIWHU UHIHUUHG WR DV ³5HPRWH
0RQLWRULQJ´ 50 V\VWHPV 50 V\VWHPV PHDVXUH TXDQWLWLHV
VXFK DV EDWWHU\ YROWDJH VRXUFH FXUUHQW HQHUJ\ FRQVXPSWLRQ
DQG RWKHU DQDORJ RU GLJLWDO VLJQDOV 7KH PHDVXUHPHQWV DUH
EURDGFDVW WKURXJK WKH JURZLQJ UXUDO FHOOXODU FRPPXQLFDWLRQ
QHWZRUN WR D VHUYHU ZKHUH WKH\ FDQ EH XVHG IRU DQDO\VLV RU
DUFKLYHG IRU ODWHU XVH
7KH FRLQVWDOODWLRQ RI 50 V\VWHPV ZLWK PLFURJULGV LV
EHFRPLQJ LQFUHDVLQJO\ FRPPRQ DOWKRXJK PDQ\ QHZ V\VWHPV
DUH LQVWDOOHG ZLWKRXW WKLV FDSDELOLW\ 7KH EHVWSUDFWLFHV RI 50
V\VWHP GHVLJQ DQG XVHFDVHV RI WKH GDWD DUH QRW ZHOONQRZQ RU
ZLGHVSUHDG 7KH XVH RI PLFURJULG GDWD LQ WKH OLWHUDWXUH LV VFDQW
>@ EXW WKH QHHG IRU LW LV ZHOONQRZQ >@ 7R DGGUHVV WKH
JDS LQ OLWHUDWXUH DQG SUDFWLFH WKLV SDSHU GHVFULEHV WKH LVVXHV RI
50 V\VWHPV DQG WKH DSSOLFDWLRQ RI WKH GDWD WKH\ SURYLGH WR
LPSURYH WKH RSHUDWLRQ DQG WHFKQLFDO VXVWDLQDELOLW\ RI
PLFURJULGV 7KH SDSHU GUDZV XSRQ GDWD VHWV IURP PLFURJULGV LQ
.HQ\D DQG =DPELD WR LOOXVWUDWH DSSOLFDWLRQV RI GDWD
7KH UHPDLQGHU RI WKLV SDSHU LV DUUDQJHG DV IROORZV 6HFWLRQ ,,
SURYLGHV DQ RYHUYLHZ RI 50 V\VWHPV 3UDFWLFDO FRQVLGHUDWLRQV
RI 50 V\VWHPV DUH GLVFXVVHG LQ 6HFWLRQ ,,, $SSOLFDWLRQV RI
UHDOWLPH GDWD DUH GHVFULEHG LQ 6HFWLRQ ,9 )XWXUH GLUHFWLRQV
DQG FRQFOXGLQJ UHPDUNV DUH PDGH LQ 6HFWLRQ 9 DQG 6HFWLRQ 9,
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0LFURJULGV LQVWDOOHG LQ UXUDO FRPPXQLWLHV W\SLFDOO\ FRQVLVW RI
SRZHU VRXUFHV VXFK DV SKRWRYROWDLF 39 SDQHOV DQG
JHQHUDWLRQ VHWV VWDWLRQ EDWWHULHV FRQWURO HTXLSPHQW LQYHUWHUV
DQG GLVWULEXWLRQ V\VWHPV DV VKRZQ LQ )LJ  7KH SXUSRVH RI
WKH 50 V\VWHP LV WR PHDVXUH WHFKQLFDO TXDQWLWLHV IURP WKH
PLFURJULG DQG WUDQVPLW WKHP WR D UHPRWH VHUYHU LQ D WLPHO\
PDQQHU IRU PRQLWRULQJ DQG DQDO\VLV 5HPRWH PRQLWRULQJ FDQ
EH DFFRPSOLVKHG WKURXJK D ZLGH UDQJH RI DSSURDFKHV IURP
VLPSOH ORJERRNV WR 50LQWHJUDWHG RIIWKHVKHOI FRPSRQHQWV
DQG EHVSRNH V\VWHPV
$ 6\VWHP $UFKLWHFWXUH
7KH PDLQ FRPSRQHQWV DQG DUFKLWHFWXUH RI DQ 50 V\VWHP
LQVWDOOHG DW D PLFURJULG HQHUJ\ NLRVN LQ =DPELD DUH VKRZQ LQ
)LJ  7KH GDWD ORJJHU VDPSOHV DQDORJ DQG GLJLWDO VLJQDOV VHQW
IURP FXUUHQW WUDQVGXFHUV &7V D YROWDJH GLYLGHU QHWZRUN DQG
GLJLWDO SXOVHV IURP HQHUJ\ PHWHUV 7KH GDWD ORJJHU WUDQVPLWV
WKH SUHVHQW DQDORJ UHDGLQJV DORQJ ZLWK WKH SXOVH FRXQWV RQFH
SHU PLQXWH WR D UHPRWH VHUYHU WKURXJK WKH FHOOXODU QHWZRUN
)LJ  6FKHPDWLF RI D FRPPRQ PLFURJULG
)LJ  0DLQ FRPSRQHQWV RI D UHPRWH PRQLWRULQJ V\VWHP
% 'DWD /RJJHU
7KH GDWD ORJJHU LV D VPDOO FRPSXWLQJ V\VWHP ZLWK JHQHUDO
SXUSRVH LQSXWRXWSXW *3,2 SLQV 'DWD ORJJHUV DUH GHVLJQHG
WR SURFHVV UHFRUG DQGRU WUDQVPLW YROWDJH RU FXUUHQW YDOXHV
PHDVXUHG E\ WKHLU *3,2 SLQV 'DWD ORJJHUV FDQ DOVR RIIHU
VXSHUYLVRU\ FRQWURO YLD EXLOWLQ UHOD\V 7KHVH UHOD\V FDQ EH
FRQILJXUHG WR FRQWURO RWKHU KDUGZDUH EDVHG RQ SURFHVVHG GDWD
LQSXW RU E\ XVHU FRPPDQG 'XH WR WKH XVH RI 77/ GDWD
ORJJHUV DUH W\SLFDOO\ GHVLJQHG LQ D ZD\ WKDW WKHLU *3,2 SLQV
FDQ PHDVXUH YDOXHV IURP  YROWV %HFDXVH RI WKLV YDOXHV
RIWHQ QHHG WR EH VFDOHG GRZQ EHIRUH LQSXW WR WKH GDWD ORJJHU
& 6HQVRUV
6HQVRUV FRQYHUW SK\VLFDO TXDQWLWLHV WR LQIRUPDWLRQ VLJQDOV WKDW
DUH XVHDEOH E\ WKH GDWD ORJJHU ,W LV QRW QHFHVVDU\ WR XVH D
VHQVRU WR PHDVXUH DOO EUDQFK FXUUHQWV DQG QRGH YROWDJHV DV
VRPH PD\ QRW EH RI LQWHUHVW DQG RWKHUV FDQ EH REWDLQHG
WKURXJK DSSOLFDWLRQ RI IRU H[DPSOH .LUFKKRII¶V &XUUHQW /DZ
)RU WKH PLFURJULG LQ )LJ  WZR '& &7V D YROWDJH GLYLGHU DQG
D VHW RI HQHUJ\ PHWHUV LV DOO WKDW LV QHHGHG WR WUDFN WKH KHDOWK
SURGXFWLRQ DQG FRQVXPSWLRQ RI WKH V\VWHP
'XH WR WKH W\SLFDOO\ ODUJH EUDQFK FXUUHQWV LQ PLFURULGV VHULHV
PHDVXUHPHQW RI FXUUHQW LV QRW SUDFWLFDO 5DWKHU XVLQJ H[WHUQDO
WUDQVGXFHUV LV D YLDEOH RSWLRQ '& &7V DUH ORZFRVW²
DSSUR[LPDWHO\ 86²RSWLRQV IRU PHDVXUHG '& EUDQFK
FXUUHQWV '& &7V UHO\ RQ WKH +DOO (IIHFW SULQFLSOH WR VHQVH
FXUUHQW 6RPH PRGHOV FDQ EH ILWWHG DURXQG FDEOHV ZLWKRXW
LQWHUUXSWLQJ VHUYLFH +RZHYHU GXH WR WKH XVH RI WKH +DOO
(IIHFW WKH &7V QHHG DQ H[WHUQDO '& SRZHU VRXUFH
$ UHVLVWLYH YROWDJH GLYLGHU FDQ EH XVHG WR VFDOH WKH '& EXV
YROWDJH WR DQ DSSURSULDWH OHYHO IRU WKH GDWD ORJJHU 3RZHU DQG
HQHUJ\ FDQ RIWHQ EH FRPSXWHG IURP EUDQFK FXUUHQW DQG QRGH
YROWDJH PHDVXUHPHQWV +RZHYHU HQHUJ\ PHWHUV FDQ EH XVHIXO
SDUWLFXODUO\ RQ WKH $& VLGH RI WKH PLFURJULG 7KH PHWHUV FDQ
EH LQVWDOOHG GRZQVWUHDP RI $& EUHDNHUV 7KH\ FRPPRQO\
RXWSXW D GLJLWDO SXOVH HDFK WLPH D WKUHVKROG TXDQWLW\ RI HQHUJ\
KDV EHHQ FRQVXPHG E\ WKH FLUFXLW IRU H[DPSOH RQH SXOVH SHU
ZDWWKRXU 7KH SXOVHV FDQ EH FRXQWHG WR VKRZ WRWDO HQHUJ\
SURGXFWLRQ RU GLIIHUHQFHG DQG GLYLGHG E\ WLPH WR LQIHU SRZHU
FRQVXPSWLRQ (QHUJ\ PHWHUV FDQ EH SXUFKDVHG IRU
DSSUR[LPDWHO\ 86
' &RPPXQLFDWLRQ
'XH WR WKH UXUDO QDWXUH RI WKHVH PLFURJULG LQVWDOODWLRQV
ODQGOLQH LQWHUQHW DFFHVV LV W\SLFDOO\ QRW DYDLODEOH ,I WKH
LQVWDOODWLRQ LV ZLWKLQ UDQJH RI D ORFDO FHOO SKRQH WRZHU WKH
VHUYLFH SURYLGHU¶V 6,0 FDUG FDQ EH XVHG WR FRQQHFW WR WKH
LQWHUQHW )RU D GDWD ORJJHU WR IDFLOLWDWH WKLV W\SH RI LQWHUQHW
DFFHVV LW PXVW KDYH D PRGHP WKDW FDQ FRPPXQLFDWH RYHU WKH
ORFDO EDQG W\SLFDOO\  0+] RU  0+] DQG KDYH D 6,0
FDUG ZLWK DQ DFWLYH SODQ ZLWK LQWHUQHW SHUPLVVLRQV
( 6HUYHU
0RGHUQ FRPSXWHUV DUH SRZHUIXO HQRXJK WR EH D XVHIXO VHUYHU
$ VHUYHU UHPRWHO\ SURYLGHV VHUYLFHV WR RWKHU FRPSXWHUV
2SHUDWLQJ V\VWHPV EXLOW RQ RSHQVRXUFH IUHH NHUQHOV HJ
/LQX[ *18 RU %HUNHOH\¶V %6' FDQ EH FRPSRVHG RI HQWLUHO\
RSHQVRXUFH IUHH VRIWZDUH DQG DUH HDVLO\ FRQILJXUHG WR UXQ
VHUYLFHV HJ ZHE VHUYHUV VHFXUHG UHPRWH DFFHVV DQGRU GDWD
UHFHLYLQJ DQG SURFHVVLQJ VHUYLFHV $W PLQLPXP WKH VHUYHU
QHHGV WR OLVWHQ WR WKH SRUW WKDW WKH GDWD ORJJHU LV WUDQVPLWWLQJ WR
DQG UHFRUG DOO WKH GDWD LW UHFHLYHV 7R IDFLOLWDWH D XVHIXO
GDVKERDUG WKH VHUYHU DOVR QHHGV WR VWRUH WKH GDWD LQ D
VWUXFWXUHG ZD\ WKDW FDQ EH HDVLO\ DQG TXLFNO\ DFFHVVHG
W\SLFDOO\ GRQH ZLWK IUHH GDWDEDVH VRIWZDUH HJ 0\64/ RU
64/LWH
7R LPSOHPHQW GDWD SURWHFWLRQ DQG LPSURYH UHOLDELOLW\ RI GDWD
DFFHVV PXOWLSOH FRPSXWHUV VKRXOG EH XWLOL]HG $ VHUYHU IDUP
WKDW SURYLGHV FORXG FRPSXWLQJ VHUYLFHV VHUYHV WKLV SXUSRVH
YHU\ ZHOO GXH WR UHGXFHG FRVWV YLD VSHFLDOL]DWLRQ
) 'DVKERDUG
7KH GDVKERDUG DOVR NQRZQ DV WKH ³IURQWHQG´ RU ³SRUWDO´ LV DW
PLQLPXP DQ KWPO ILOH WKDW GHILQHV WKH OD\RXW RI WKH ZHE SDJH
DV ZHOO DV VRPH VHUYHU VLGH VFULSWV WKDW WKH KWPO ILOH UHIHUHQFHV
'RQH LQ WKLV ZD\ WKH VFULSWV JLYH WKH XVHU WKH DELOLW\ WR TXHU\
WKH GDWD 7KHUH DUH PDQ\ ZHE VHUYHU PRGXOHV DQG LQWHUIDFHV
VXFK DV &RPPRQ *DWHZD\ ,QWHUIDFH &*, RU WKH 3\WKRQ :HE
6HUYHU *DWHZD\ ,QWHUIDFH :6*, WKDW DOORZ WKH ZHEVHUYHU WR
G\QDPLFDOO\ EXLOG WKH KWPO ILOH WKDW LW UHWXUQV WR WKH XVHU 7KLV
RIIHUV PXFK PRUH XVHIXO DQG IOH[LEOH GDVKERDUGV DQG KHOSV
IDFLOLWDWH GLVSOD\LQJ JUDSKLFDO GDWD WKDW KDV EHHQ SURFHVVHG LQ
VRPH ZD\ 7KHUH DUH VHYHUDO VRIWZDUH SDFNDJHV DYDLODEOH WR
FRQILJXUH WKH VHUYHU¶V GDWDEDVH ZHE VHUYHU DQG GDVKERDUG IRU
QXPHULF WLPHVHULHV GDWD
* ,QWHJUDWHG 6\VWHPV
6HYHUDO RIIWKHVKHOI FKDUJH FRQWUROOHUV DQG LQYHUWHUV QRZ
LQFOXGH LQWHJUDWHG GDWD DFTXLVLWLRQ V\VWHPV >@ 3UHSDFNDJHG
LQWHJUDWHG PRQLWRULQJ PDQDJHPHQW DQG FRQWURO SURGXFWV DQG
VHUYLFHV DUH DOVR DYDLODEOH >@
7KH SURGXFWV DQG VHUYLFHV GLIIHU E\ ZKDW TXDQWLWLHV WKH\ DUH
FDSDEOH RI PHDVXULQJ WKHLU PHDQV WR FRPPXQLFDWH GDWD DQG
SURWRFROV XVHG 6RPH V\VWHPV DUH GHVLJQHG IRU XVH LQ 39RQO\
V\VWHPV ZKHUHDV RWKHUV RIIHU D EURDGHU UDQJH RI TXDQWLWLHV
WKH\ FDQ PHDVXUH &RPPXQLFDWLRQ DQG VWRUDJH PHWKRGV DOVR
YHU\ LQFOXGLQJ WHOHSKRQH OLQH (WKHUQHW DQDORJ DQG *60
PRGHPV RU LQ DQ 6' FDUG 6RPH SURGXFWV XVH DQ RSHQ
0RGLFRQ 0RGEXV WUDQVPLVVLRQ SURWRFRO ZKLFK LV XVHIXO IRU
LQWHJUDWLRQ ZLWK RWKHU WHFKQRORJLHV 7KH VHUYLFHV RIIHUHG YDU\
6RPH SURYLGH FRPSOHWH GDVKERDUGV DQG DUH DEOH WR LGHQWLI\ RI
XQGHUSHUIRUPLQJ VWULQJV DV ZHOO DV SHUIRUPDQFH UDWLR IRU
PD[LPXP V\VWHP RXWSXW 6RPH SURGXFWV FDQ FRPPXQLFDWH
ZLWK HQHUJ\ PHWHUV WKURXJK EXLOWLQ (WKHUQHW 56 DQG 56
 SRUWV
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,Q GHFLGLQJ ZKHWKHU RU QRW WR LQVWDOO D 50 V\VWHP WKH EHQHILWV
RI LPSURYHG WHFKQLFDO VXVWDLQDELOLW\ PXVW EH FRPSDUHG WR WKH
XSIURQW DQG RQJRLQJ FRVWV ,Q JHQHUDO WKH FRVW RI 50 GRHV QRW
VFDOH SURSRUWLRQDOO\ ZLWK WKH FDSDFLW\ VL]H RI WKH V\VWHP VR
WKDW LQVWDOOLQJ 50 IRU ODUJH V\VWHPV LV PRUH DWWUDFWLYH WKDQ IRU
VPDOO V\VWHPV 2WKHU IDFWRUV WR LQFOXGH LQ GHFLGLQJ WR LQVWDOO DQ
50 V\VWHP DUH WKH RUJDQL]DWLRQDO DELOLW\ WR PDLQWDLQ WKH 50
V\VWHP DQG WR DSSO\ WKH GDWD LQ D EHQHILFLDO PDQQHU 2QFH WKH LW
KDV EHHQ GHFLGHG WR LQVWDOO DQ 50 V\VWHP WKH GHVLJQHU PXVW
FRQVLGHU VHYHUDO DVSHFWV DV GLVFXVVHG QH[W
$ 4XDQWLWLHV WR 0HDVXUH
'HWHUPLQLQJ ZKLFK TXDQWLWLHV WR PHDVXUH LV D FULWLFDO GHVLJQ
GHFLVLRQ 'DWD ORJJHUV FRPH ZLWK D OLPLWHG QXPEHU RI DQDORJ
DQG GLJLWDO FKDQQHOV DQG WKH FRVW RI VHQVRUV PD\ OLPLW WKH
QXPEHU RI TXDQWLWLHV WKDW FDQ EH PHDVXUHG 3ULRULWL]DWLRQ LV
RIWHQ UHTXLUHG
:H KDYH IRXQG WKDW WKH VLQJOH PHDVXUHPHQW WKDW SURYLGHV WKH
PRVW LQVLJKW LQWR WKH ³KHDOWK´ RI WKH V\VWHP LI SURSHUO\
LQWHUSUHWHG LV WKH WHUPLQDO YROWDJH RI WKH VWDWLRQ EDWWHU\ >@
0HDVXULQJ ORDG FXUUHQW RU SRZHU DW WKH IXUWKHVW GRZQVWUHDP
SRLQW DOORZV WKH JHQHUDO IXQFWLRQDOLW\ RI WKH XSVWUHDP
FRPSRQHQWV WR EH YHULILHG²LI WKH ORDG LV EHLQJ VHUYHG WKHQ WKH
EDWWHU\ JHQHUDWLRQ VRXUFHV LQYHUWHU FLUFXLW EUHDNHUV DQG RWKHU
XSVWUHDP FRPSRQHQWV KDYH DW OHDVW VRPH OHYHO RI IXQFWLRQDOLW\
7KH EUDQFK FXUUHQW IURP JHQHUDWLRQ VRXUFHV VXFK DV VRODU
SDQHOV LV DOVR XVHIXO 0DQ\ UHQHZDEOH UHVRXUFHV IROORZ
VRPHZKDW SUHGLFWDEOH SDWWHUQV 0RQLWRULQJ WKH FXUUHQW IRU
HYLGHQFH RI WKHVH SDWWHUQV LV D VLPSOH ZD\ RI GLDJQRVLQJ
ZKHWKHU WKH JHQHUDWLRQ VRXUFH LV EHKDYLQJ DV H[SHFWHG
0HDVXULQJ WKH EUDQFK FXUUHQWV DW WKH '& EXV DV ZHOO DV WKH
EDWWHU\ WHUPLQDO YROWDJH DOORZV WKH SRZHU IURP WKH VRXUFHV
LQWR DQG RXW RI WKH EDWWHU\ DQG WR WKH ORDG WR EH FRPSXWHG 7KLV
SURYLGHV D FRPSOHWH SLFWXUH RI WKH EDVLF RSHUDWLRQ RI WKH
V\VWHP DQG FDQ EH H[WUHPHO\ XVHIXO LQ PRQLWRULQJ WKH
SHUIRUPDQFH RI WKH PLFURJULG
(OLPLQDWLQJ PHDVXUHPHQW UHGXQGDQF\ UHGXFHV FRVW EXW LI WKH
FRVW VDYLQJ LV LQFUHPHQWDO WKHQ IRU H[DPSOH PHDVXULQJ DOO
EUDQFK FXUUHQWV RQ WKH '& EXV DOORZV WKH XVHU WR GR ³VDQLW\´
FKHFNV RQ WKH GDWD HQVXULQJ .&/ LV REH\HG ,I QRW WKHQ WKHUH
LV D PHDVXUHPHQW RU RWKHU HUURU
0HDVXULQJ TXDQWLWLHV VXFK DV WHPSHUDWXUH ZLQG VSHHG DQG
VRODU LQVRODWLRQ FDQ EH LQVLJKWIXO DV ZHOO )RU H[DPSOH WKH GDWD
EH XVHG WR GLVWLQJXLVK EHWZHHQ ZKHWKHU ORZ ZLQG WXUELQH
HQHUJ\ SURGXFWLRQ LV GXH WR ORZ ZLQG VSHHGV RU WXUELQH
PDOIXQFWLRQ +RZHYHU WKHVH PHDVXUHPHQWV RIWHQ UHTXLUH
VSHFLDOL]HG VHQVRUV DQG PRXQWLQJ ZKLFK DGGV WR WKH FRVW RI WKH
50 V\VWHP
7KH VDPSOH UDWH RI WKH PHDVXUHPHQWV DIIHFWV KRZ WKH GDWD FDQ
EH XVHG +LJK UHVROXWLRQ VDPSOLQJ LV PRUH LQVLJKWIXO WKDQ ORZ
UHVROXWLRQ :H KDYH IRXQG WKDW VDPSOLQJ SHULRGV EHWZHHQ RQH
DQG  PLQXWHV WR EH XVHIXO SUDFWLFDO DQG HDV\ WR LPSOHPHQW
% 'DWD 7UDQVPLVVLRQ DQG $FFHVV
/RFDO FRQGLWLRQV ZLOO RIWHQ DIIHFW WKH FKRLFH RI GDWD
FRPPXQLFDWLRQ WHFKQRORJ\ WR HPSOR\ LQ WKH 50 V\VWHP /RFDO
FRYHUDJH RI *356 * * RU * QHWZRUNV YDULHV DQG LQ VRPH
SODFHV WKH FRQQHFWLRQ TXDOLW\ LV PLQLPDO 2QOLQH UHVRXUFHV DUH
DYDLODEOH WR EHWWHU HVWLPDWH WKH FRYHUDJH ZLWKLQ D FRXQWU\ EXW
RXU H[SHULHQFH LV WKDW VLJQDO VWUHQJWK DQG DYDLODELOLW\ LV EHVW
PHDVXUHG ORFDOO\
7KH GDWD EURDGFDVW UDWH LV D FULWLFDO GHFLVLRQ 7KH EURDGFDVW UDWH
FDQ EH GLIIHUHQW IURP WKH VDPSOLQJ UDWH IRU H[DPSOH LI WKH 50
V\VWHP FROOHFWV PXOWLSOH VDPSOHV DFURVV WLPH DQG VHQGV WKHP
SHULRGLFDOO\ LQ EXON 7KLV UHGXFHV WKH WUDQVPLVVLRQ GDWD FKDUJHV
LQFXUUHG WKDW RIWHQ DFFRPSDQLHV 50 V\VWHPV +RZHYHU WKH
DELOLW\ WR PRQLWRU WKH V\VWHP LQ UHDOWLPH GHFUHDVHV
& 2WKHU &RQVLGHUDWLRQV
6RPH 50 V\VWHPV UHTXLUH D 6,0 FDUG ZLWK D ORFDO QHWZRUN
SURYLGHU ,Q PDQ\ FRXQWULHV GDWD DQG 606 FUHGLW LV SUHSDLG
DQG H[SLUHV DIWHU  GD\V PDNLQJ LW FKDOOHQJLQJ WR PDLQWDLQ
FUHGLW RYHU WLPH 6RPH SURYLGHUV QRZ DOORZ FUHGLW WR EH DGGHG
RQOLQH 'DWD UDWHV PD\ DOVR YDU\ $ 50 V\VWHP LQ =DPELD
EURDGFDVWLQJ PLQXWHO\ GDWD RYHU WKH 071 QHWZRUN W\SLFDOO\
FRQVXPHV 86 SHU PRQWK
%DWWHU\ EDFNXS UHTXLUHPHQWV RI WKH 50 V\VWHP VKRXOG DOVR EH
FRQVLGHUHG 6KRXOG WKH PLFURJULG ORVH SRZHU LW LV RIWHQ
GHVLUDEOH IRU WKH 50 V\VWHP WR FRQWLQXH WR IXQFWLRQ DV WKLV
ZLOO DVVLVW LQ UHVWRULQJ WKH RSHUDWLRQ RI WKH PLFURJULG :H
VXJJHVW D PLQLPXP RI IRXU KRXUV RI LQWHUQDO 50 EDWWHU\
VWRUDJH
,9 5(027( 021,725,1* '$7$ $33/,&$7,216
,Q WKH IROORZLQJ ZH RXWOLQH VHYHUDO DSSOLFDWLRQV RI 50 GDWD
XVLQJ LOOXVWUDWLYH H[DPSOHV IURP DFWXDO V\VWHPV
$ 3HUIRUPDQFH 9HULILFDWLRQ
7UDFNLQJ WKH SHUIRUPDQFH RI D PLFURJULG DJDLQVW WDUJHW PHWULFV
RU RXWFRPHV LV DQ LPSRUWDQW XVH RI 50 GDWD 'RQRUV DQG
FXUUHQW RU SHUVSHFWLYH LQYHVWRUV LQFUHDVLQJO\ UHTXLUH KDUG GDWD
RQ WHFKQLFDO SHUIRUPDQFH )RU PLFURJULGV DQ LPSRUWDQW
SHUIRUPDQFH LQGLFDWRU LV WKH HQHUJ\ FRQVXPHG E\ WKH ORDG
(QHUJ\ FRQVXPSWLRQ DV D PHWULF DFFRXQWV IRU ORVVHV DQG LV
SHUKDSV PRUH FORVHO\ UHODWHG WR WKH GHYHORSPHQWDO RU UHYHQXH
JRDOV RI WKH PLFURJULG $ SORW RI HQHUJ\ FRQVXPSWLRQ IRU D
N: 39 V\VWHP LQ =DPELD LV VKRZQ LQ )LJ 
)LJ  (QHUJ\ FRQVXPSWLRQ GDWD LV XVHIXO IRU YDOLGDWLQJ SHUIRUPDQFH DQG IRU
PDNLQJ HQHUJ\ PDQDJHPHQW GHFLVLRQV VXFK DV DGGLQJ ORDG LI WKH V\VWHP LV
XQGHUXWLOL]HG
6KRXOG HQHUJ\ FRQVXPSWLRQV QRW EH PHDVXUHG E\ WKH 50
V\VWHP WKHQ WKH HQHUJ\ LQSXW WR WKH LQYHUWHU LV WKH QH[W
SUHIHUUHG PHDVXUHPHQW SRLQW DOWKRXJK LW LQFOXGHV LQYHUWHU
ORVVHV 8VLQJ WKH HQHUJ\ SURGXFHG E\ WKH VRXUFH DV PHWULF LV D
OHVV DWWUDFWLYH DOWHUQDWLYH VLQFH DOO V\VWHP ORVVHV DUH LQFOXGHG
LQ WKLV PHWULF ZKLFK FDQ LQIODWH WKH YDOXH E\  SHUFHQW >@
% 2SHUDWLRQ 0RQLWRULQJ
5HFHLYLQJ UHDOWLPH GDWD DOORZV WKH RSHUDWLRQ RI WKH PLFURJULG
WR EH PDQXDOO\ RU DXWRPDWLFDOO\ PRQLWRUHG 0DQXDO
LQWHUSUHWDWLRQ RI UHDOWLPH PLFURJULG WLPHVHULHV GDWD UHTXLUHV
QXDQFH 6HYHUDO WHFKQLTXHV DUH GLVFXVVHG LQ >@ ,QWHUSUHWLQJ
WKH GDWD UHTXLUHV XQGHUVWDQGLQJ RI FRQWUROOHU DOJRULWKPV VHW
SRLQWV DQG LQWHUDFWLRQ
8VLQJ 50 GDWD WR GHWHUPLQH LI WKH EDWWHULHV DUH IXOO\ FKDUJHG
RQ D GDLO\ EDVLV LV D SDUWLFXODUO\ XVHIXO DSSOLFDWLRQ $V
GLVFXVVHG LQ >@ DWWHPSWLQJ WR HVWLPDWH EDWWHU\ VWDWH RI FKDUJH
IURP EDWWHU\¶V WHUPLQDO YROWDJH LV HUURUSURQH DV WKH LQWHUQDO
LPSHGDQFH DQG FKDUJLQJGLVFKDUJLQJ FXUUHQW FDQ JUHDWO\ DIIHFW
WKH WHUPLQDO YROWDJH $ EHWWHU DSSURDFK LV WR PRQLWRU WKH
WHUPLQDO YROWDJH WR VHH LI WKH DEVRUSWLRQ VWDJH VHWSRLQW RI WKH
FKDUJHU FRQWUROOHU LV UHDFKHG DQG KRZ ORQJ LW UHPDLQV DW WKDW
VHWSRLQW )RU H[DPSOH WKH GDWD LQ )LJ  ZKLFK FRPHV IURP D
K\EULG 39ZLQG PLFURJULG LQ .HQ\D UHDFKHV WKH DEVRUSWLRQ
VHW SRLQW GXULQJ WKH ILUVW WZR GD\V EXW LW GRHV QRW EHFRPH IXOO\
FKDUJHG GXULQJ WKH QH[W VHYHUDO GD\V ,I WKLV FRQWLQXHV WKH
OLIHWLPH RI WKH EDWWHU\ FDQ EH UHGXFHG SUHPDWXUHO\ 7KH
RSHUDWRU ZDV LQVWUXFWHG WR UHGXFH ORDG DOORZLQJ WKH EDWWHU\
VWDWH RI FKDUJH WR UHFRYHU ZKLFK LW GRHV RQ GD\ 
2WKHU PRQLWRULQJ DSSOLFDWLRQV LQFOXGH YHULI\LQJ WKH FRQWURO
VFKHPH LV RSHUDWLQJ DV SODQQHG GHWHUPLQLQJ LI PDMRU
FRPSRQHQWV DUH RSHUDWLQJ SURSHUO\ DQG GHWHUPLQLQJ LI WKH
RSHUDWRU LV IROORZLQJ LQVWUXFWLRQV
& (QHUJ\ 0DQDJHPHQW
$ QRWHG FKDOOHQJH LQ PLFURJULG GHVLJQ LQ WKH FRQWH[W RI
/('&V LV WKH DFFXUDWH HVWLPDWLRQ RI WKH GHPDQG ,Q DGGLWLRQ
EHKDYLRU SDWWHUQV FKDQJH RYHU WLPH $Q LPSRUWDQW DSSOLFDWLRQ
)LJ  %DWWHU\ YROWDJH RYHU D GD\ SHULRG IURP D PLFURJULG LQ .HQ\D 7KH
GDVKHG OLQH LV WKH FKDUJH FRQWUROOHU DEVRUSWLRQ VWDJH VHW SRLQW
RI GDWD LV WR GHWHUPLQH LI WKH LQVWDOOHG PLFURJULG LV EHLQJ RYHU
RU XQGHUXWLOL]HG 2YHUXWLOL]DWLRQ FDQ UHVXOW LQ SUHPDWXUH
IDLOXUH GXH WR SURORQJHG EDWWHU\ ORZ VWDWH RI FKDUJH DQG XSVHW
FXVWRPHUV GXH WR ORZ UHOLDELOLW\ 8QGHUXWLOL]HG V\VWHPV FDQ
EH YLHZHG DV D ZDVWHG LQYHVWPHQW 2YHU DQG XQGHUXWLOL]DWLRQ
FDQ RIWHQ EH FRUUHFWHG E\ LQWHUYHQWLRQV VXFK DV DGMXVWLQJ
WDULIIV LQVWDOOLQJ PRUH HQHUJ\ HIILFLHQW DSSOLDQFHV RU
DGGLQJUHPRYLQJ HQHUJ\ LQWHQVLYH VHUYLFHV )RU H[DPSOH DIWHU
UHYLHZLQJ WKH 50 GDWD IRU WKH PLFURJULG LQ =DPELD LW ZDV
GHWHUPLQHG WKDW WKH V\VWHP ZDV XQGHUXWLOL]HG $ IUHH]HU ZDV
DGGHG WR RQH RI WKH FLUFXLWV WR VHOO UHIULJHUDWHG JRRGV 7KH
HIIHFW RI WKH IUHH]HU LV HYLGHQW LQ WKH DFFHOHUDWHG UDWH RI HQHUJ\
FRQVXPSWLRQ LQ )LJ 
' %LOOLQJ&XVWRPHU VHUYLFH
0DQ\ QHZ PLFURJULGV DFW DV PLFURXWLOLWLHV ZKHUH HOHFWULFLW\
LV VXSSOLHG WR FXVWRPHUV DW DQ DJUHHG XSRQ WDULII ,Q WKLV
FRQWH[W WKH HQHUJ\ XVHG E\ WKH FXVWRPHU LV WKH EDVLV IRU WKH
WDULII ZKLFK QHFHVVLWDWHV WKH HQHUJ\ FRQVXPSWLRQ WR EH
PHWHUHG 6RFDOOHG ³VPDUW PHWHUV´ PHDVXUH DQG SHULRGLFDOO\
UHSRUW HQHUJ\ XVH YDOXHV YLD D FHOOXODU QHWZRUN WR WKH FORXG
%XVLQHVV PDQDJHPHQW V\VWHPV WUDFN FXVWRPHU SD\PHQWV DQG
FDQ VHQG VLJQDOV WR GLVFRQQHFW FXVWRPHUV RQFH WKHLU SUHSDLG
FUHGLW KDV H[SLUHG
( )DLOXUH $QDO\VLV
'HVSLWH EHVW HIIRUWV PLFURJULGV FDQ KDYH WKHLU SRZHU VXSSO\
LQWHUUXSWHG 50 GDWD FDQ RIIHU D ZD\ IRU WKH FDXVH RI WKH
IDLOXUH WR EH LGHQWLILHG PXFK LQ WKH VDPH ZD\ DV D ³EODFN
ER[´ LQ DQ DLUSODQH )RU WKLV DSSOLFDWLRQ KLJK WHPSRUDO
UHVROXWLRQ GDWD LV QHHGHG²SUHIHUDEO\ DW OHDVW RQFH SHU
PLQXWH²GHSHQGLQJ RQ WKH IDXOW FRQGLWLRQ /RZ UHVROXWLRQ
GDWD PD\ DOVR EH XVHIXO IRU H[DPSOH WR GHWHUPLQH LI WKH
LQYHUWHU LV RXWSXWWLQJ WKH SURSHU YROWDJH
) 'HVLJQ
$FFXUDWH ORDG HVWLPDWLRQ LV FULWLFDO LQ PLFURJULG GHVLJQ EXW KDV
SODJXHG GHVLJQHUV >@ /RQJ WHUP DQDO\VLV RI 50 GDWD FDQ EH
XVHG WR FKHFN WKH DFFXUDF\ RI ORDG HVWLPDWLRQ &ROOHFWLQJ ORDG
GDWD RI GLIIHUHQW FXVWRPHU FODVVHV VXFK DV VKRZQ LQ )LJ  FDQ
LPSURYH IXWXUH PLFURJULG GHVLJQV
)LJ  /RDG SURILOH RI D PLFURJULGFRQQHFWHG KRPH ZLWK PHDQ VROLOG DQG
WK DQG WK SHUFHQWLOH GDVKHG VKRZQ
9 )8785( ',5(&7,216
([SORUDWLRQ RI UHDOWLPH RIIJULG GDWD VHWV IURP /('&V LV
EHLQJ OHG ZLWKLQ WKH ,((( 3(6 :RUNLQJ *URXS 6XVWDLQDEOH
(QHUJ\ 6\VWHPV IRU 'HYHORSLQJ &RPPXQLWLHV 6(6'& >@
7KH :RUNLQJ *URXS¶V RYHUDOO DLP LV WR UDLVH DZDUHQHVV DERXW
DFFHVV WR HQHUJ\ V\VWHPV LQFOXGLQJ HOHFWULFLW\ DQG WKH UHODWHG
LVVXHV LQ GHYHORSLQJ FRPPXQLWLHV DURXQG WKH ZRUOG ,Q 
WKH :RUNLQJ *URXS IRUPHG WKH (QHUJ\ 8VH LQ 2IIJULG
$SSOLFDWLRQV 7DVN )RUFH WR IXUWKHU VWXG\ WKLV DUHD RI UHVHDUFK
6SHFLILF UHVHDUFK RXWSXWV KDYH EHHQ LGHQWLILHG DQG LQFOXGH
PRGHOLQJ WKH XVDJH SURILOHV RI YDULRXV W\SHV RI ORDGV EHWWHU
XQGHUVWDQGLQJ VHDVRQDOLW\ DQG RWKHU WUHQGV LQFOXGLQJ ORDG
JURZWK GHWHUPLQDWLRQ RI SUHGLFWRUV RI HQHUJ\ XVH HYDOXDWLRQ
RI WKH DFFXUDF\ RI GHPDQG HVWLPDWLRQ PHWKRGRORJLHV OLQNV
HQHUJ\ XVH DQG VXVWDLQDELOLW\ FDOFXODWLRQ RI UHDOZRUOG
LQHIILFLHQFLHV RI V\VWHP DQG VXEFRPSRQHQWV DQG TXDQWLI\LQJ
WKH UHOLDELOLW\ YHUVXV FRVW WUDGHRIIV RI GHVLJQ DSSURDFKHV
:LWK JURZLQJ DYDLODELOLW\ RI WKH WHFKQRORJ\ DQG GDWD VHWV
WKHUH LV D GLVWLQFW RSSRUWXQLW\ WR LQIRUP IXWXUH GHOLYHU\ RI RII
JULG V\VWHPV 7R PD[LPL]H WKH FRQWULEXWLRQV WKDW WKH UHVHDUFK
FRPPXQLW\ FDQ PDNH DQ RSHQ GDWD DUFKLYH LV QHHGHG WKDW
DFFXPXODWHV VWRUHV DQG UHVSRQVLEO\ DOORZV DFFHVV WR FRQGXFW
WKLV UHVHDUFK 'DWD VHWV ZRXOG LQFOXGH GLIIHUHQW V\VWHP VL]HV ±
IURP VPDOO VRODU KRPH V\VWHPV WR YLOODJHVFDOH PLFURJULGV±
EXW ZRXOG PDLQWDLQ D FRPPRQ GDWD DUFKLWHFWXUH IRU DQDO\VLV
)XUWKHU ZRUN LV QHHGHG WR GHILQH WKH KDUGZDUH VRIWZDUH DQG
SURWRFRO UHTXLUHPHQWV VXLWDEOH IRU WKLV SXUSRVH
50 WHFKQRORJ\ SURGXFWV DQG VHUYLFHV LQ /('&V IRU HQHUJ\
DFFHVV DSSOLFDWLRQV DUH UHODWLYHO\ LPPDWXUH GHVSLWH WKH
H[LVWHQFH RI FRPSUHKHQVLYH IXQFWLRQDOLW\ RI VLPLODU SURGXFWV
QDPHO\ 6&$'$ LQ LQGXVWULDOL]HG FRXQWULHV <HW WKH PDUNHW
LV JDWKHULQJ DWWHQWLRQ DV VXSSOLHUV ZDUP WR WKH RSSRUWXQLWLHV
3URGXFW GHVLJQ LQ WKLV VSDFH FDQ EH LQIRUPHG E\ WKRURXJK
DQDO\VLV RI WKH XVDJH SURILOHV UHTXLUHPHQWV DQG H[SORUDWLRQ RI
SRWHQWLDO V\QHUJLHV RI FRPELQLQJ HQHUJ\ DQG LQWHUQHW DFFHVV
µ,QIRUPDWLRQ¶ SRYHUW\ LQ WKLV FRQWH[W OLNH HQHUJ\ SRYHUW\ LV
FURVVFXWWLQJ DQG HTXDOO\ FULWLFDO %ULGJLQJ WKH LQIRUPDWLRQ
JDS KDV WKH SRWHQWLDO IRU ERWK FRPPHUFLDO RSSRUWXQLWLHV
WKRXJK WKH SURYLVLRQ RI NQRZOHGJH VHUYLFHV DQG DFKLHYLQJ
VRFLRHFRQRPLF EHQHILWV VXFK DV HQHUJ\ DFFHVV DQG LPSURYHG
HGXFDWLRQ (QDEOLQJ DQG H[WHQGLQJ 50 DV WKH FRUH FRPSRQHQW
RI WKLV IXQFWLRQDOLW\ FDQ WKHUHIRUH EH FRQVLGHUHG VWUDWHJLF LQ
QDWXUH
)LQDOO\ WKHUH LV D QHHG WR GHYHORS D EHWWHU XQGHUVWDQGLQJ RI
PLFUROHYHO HQHUJ\ XVH WUHQGV WR XQGHUSLQ QDWLRQDO DQG
LQWHUQDWLRQDO SODQQLQJ /RQJWHUP PRGHOV RI HQHUJ\ XVH VXFK
DV WKH :(0 PRGHO XVHG E\ WKH ,($ >@ LQYROYH EURDG
DVVXPSWLRQV RQ WKH SURJUHVVLRQ WKURXJK WKH HQHUJ\ ODGGHU±
VHPLQDO VWXGLHV VXFK DV >@ FRXOG EH H[WHQGHG WR ORZHU
LQFRPH FRKRUWV LQ GHYHORSLQJ FRXQWULHV )RU RIIJULG XVHUV LQ
GHYHORSLQJ FRXQWULHV WKLV DQDO\VLV UHPDLQV LQFRPSOHWH
,PSURYLQJ WKH UHVXOWV RI VXFK PRGHOV ZKLFK DUH H[WUHPHO\
LQIOXHQWLDO IRU SROLF\ PDNHUV DQG SUDFWLWLRQHUV DOLNH FRXOG
OLNHZLVH LPSURYH WKH FRRUGLQDWLRQ RI LQYHVWPHQWV LQ WKH VHFWRU
9, &21&/86,216
5HPRWH PRQLWRULQJ 50 V\VWHPV DUH LQFUHDVLQJ LQ SRSXODULW\
LQ UXUDO PLFURJULGV LQ OHVV HFRQRPLFDOO\ GHYHORSHG FRXQWULHV
7KLV SDSHU RXWOLQHG WKH NH\ FRPSRQHQWV RI WKH 50 V\VWHPV
LPSRUWDQW FRQVLGHUDWLRQV LQ GHYLVLQJ VXFK V\VWHPV DQG
GHVFULEHG VHYHUDO DSSOLFDWLRQV RI 50 V\VWHPFROOHFWHG GDWD
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>@ 1 &URVV & *DXQW ³$SSOLFDWLRQ RI UXUDO UHVLGHQWLDO KRXUO\ ORDG FXUYHV
LQ HQHUJ\ PRGHOOLQJ´ LQ 3URF ,((( 3RZHU 7HFK &RQIHUHQFH 9RO 
%RORJQD ,WDO\  SS ± '2,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>@ 3 'DXHQKDXHU DQG + /RXLH ³6\VWHP 8VDJH 7UHQGV IRU 2൵JULG
5HQHZDEOH (QHUJ\ 8VHUV LQ 'HYHORSLQJ &RPPXQLWLHV´ LQ 3URF RI WK
6\PSRVLXP RQ 6PDOO 39 $SSOLFDWLRQV 0XFKHQ *HUPDQ\ -XQ 
>@ + /RXLH ³2SHUDWLRQDO $QDO\VLV RI +\EULG 6RODU:LQG 0LFURJULGV
8VLQJ 0HDVXUHG 'DWD´ (QHUJ\ IRU 6XVWDLQDEOH 'HYHORSPHQW YRO  SS
 )HE 
>@ . :HEHU 6 .HQQHG\ 3 $UPVWURQJ (QGXVH ORDG PRQLWRULQJ RI D
PLFUR K\GURHOHFWULFSRZHUHG FRPPXQLW\ PLFURJULG D FDVH VWXG\ LQ UXUDO
0DOD\VLD LQ 3URF ,QQRYDWLQJ (QHUJ\ $FFHVV IRU 5HPRWH $UHDV
%HUNHOH\ &$ SS ± 
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2SHUDWLRQ 0DQXDO >2QOLQH@ $YDLODEOH KWWSFUDQH
EJFRPILOHVVWHFDBWDUFRPBPDQXDOBHQSGI $FFHVVHG )HE 
>@ 1 :ROIH $Q RSHQVRXUFH PRQLWRULQJ V\VWHP IRU UHPRWH VRODU SRZHU
DSSOLFDWLRQV >2QOLQH@ $YDLODEOH VRODUPRQLWRULQJ
SURMHFWJRRJOHFRGHFRPILOHV)LQDO5HSRUWSGI $FFHVVHG )HE 
>@ 0 :ROOQ\ DQG 0 +HUPHV $& FRXSOHG K\EULG V\VWHPV DQG PLQL
JULGV $1=6(6 6RODU 
>@ ,((( 3(6 :RUNLQJ *URXS RQ 6XVWDLQDEOH (QHUJ\ 6\VWHPV IRU
'HYHORSLQJ &RXQWULHV >2QOLQH@ $YDLODEOH KWWSVLWHVLHHHRUJSHV
VHVGF $FFHVVHG )HE 
>@ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ ³:RUOG (QHUJ\ 0RGHO´ >2QOLQH@
$YDLODEOH KWWSZZZZRUOGHQHUJ\RXWORRNRUJZHRPRGHO
$FHVVHG )HE 
>@ & :ROIUDP 2 6KHOHI DQG 3 *HUWOHU +RZ :LOO (QHUJ\ 'HPDQG
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